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ABSTRACT 

We derive and solve the black hole attractor conditions of = 8 supergravity by finding 
the critical points of the corresponding black hole potential. This is achieved by a simple 
generalization of the symplectic structure of the special geometry to all extended super gravities 
with N > 2. There are two classes of solutions for regular black holes, one for 1/8 BPS ones and 
one for the non-BPS. We discuss the solutions of the moduli at the horizon for BPS attractors 
using N = 2 language. An interpretation of some of these results in A^ = 2, STU black hole 
context helps to clarify the general features of the black hole attractors. 
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1 Introduction 



Regular N = 8 BPS black holes in four dimensions have a fascinating feature that the entropy 
formula is known to be given by the square root of the unique Cartan-Cremmer- Julia quartic 
invariant E] constructed from the fundamental 56 representation [p, q) of the -^7(7) group. 
This follows from U-duality [3,, so that 

^ = ^/Mp^), ^4>o (1.1) 

TT 

For the N = 2 BPS extremal black holes the moduli near the horizon are stabilized due to 
the attractor mechanism pi-j7j based on special geometry |H]-PI]- For N > 2 the attractor 
mechanism was also established starting with [6, ;T and was studied in great details in P^-|14j. 

The N = 2 BPS as well as non-BPS extremal black holes under certain condition share the 
common feature that the moduli near the horizon are stabilized due to the attractor mechanism 
[31^. Recently various aspects on the non-BPS black holes were studied, see and references 
therein. 

The purpose of this paper is to establish the black hole attractor conditions of = 8 
supergravity which would respect the U-duality of N=8 supergravity and allow the possibility 
for BPS and non-BPS solutions. This will allow us to develop some new connections between the 
black holes in string theory/supergravity and quantum information theory (QIT), to continue 
the recent trend due to [Ej, [TH], jlHI- It has been argued in [18] on the basis of the connection 
between the quartic invariant of the £"7(7) group and the STU black hole entropy [^j that the 
critical point of = 8 black hole potential may have a BPS solution, with the entropy given in 
eq. ()1.1|) . and a non-BPS solution with the entropy proportional to the square of the absolute 
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value of the quartic invariant, which is negative for the non-BPS case: 

^^^^^ = V-Mp,q) , ^4 < (1.2) 

TT 

The argument in support of the entropy formula p.2j) in jjl8j was based on a specific example 
and on the duality symmetry. In this paper we will derive eqs. (jl.ip and (jl.2j) in general case 
by solving the new BPS/nonBPS attractor equations. 

We will also construct a simple generalization of the tools of = 2 special geometry to all 
N > 2. This will allow us, as an application of the general formalism, to find the attractor 
equations for any A^. These equations are closely related to those in = 2. In particular in 
N = 8 case we will find a set of simple algebraic equations for N=8 BPS and non-BPS black 
holes. Equations ()1.1|) . p.2|) will be derived and the basic features of these black holes will be 
explained. An analysis of the attractor equations for the moduli will be performed by using an 
N = 2 language and properties of A^ = 2 vector multiplets embedded into N = 8 supergravity. 



2 Generalization of = 2 special geometry for N > 2 



Here we present simplified version of flat symplectic bundles which were constructed in [T^ as 
a generalization of N=2 special geometry. Consider any N > 2, d=4 supergravity interacting 
with some vector multiplets. In A^ = 2 case the theory is defined by the elegant special geometry 
[TUj . [TT], based on symplectic sections {f,h) ^: 

(/, h) = (L^, PgL'^ ; Ma, P^Ma) (2.1) 

Here the "hat" covariant derivative over the moduli means the flat derivative in the moduli 
space. It is related to the "curved" derivative over the moduli as follows: Vj^ = e|Pfc where 

the inverse bein e| is such that the metric of the curved moduli space is Gj^^ = ^t^\^k% (5^^ 
is the moduh independent flat metric. Here = dk + \dkK where K is the Kahler potential. 
Note that (/, h) are square complex matrices. 

Let us first introduce a real symplectic Sp{2n, M) matrix 
SO that 

A^C - C^A = B^D - D^B = A^D - C*S = 1 (2.3) 
The sections (/, h) are related to the elements of the real Sp{2n, M) matrix ^ (j2.2j) as follows ^ 



A B 



A ^^fA-iB 



CD) \h) y^\C-iD 



(2.4) 



"'^Here, as well as in refs. ^21-011 (/i are the complex conjugate of those introduced in ^H], 
^For N ^ 2, n ^ Tiy + 1 where riy is the number of vector multiplets. For N > 2 n refers to the total number 
of vectors in the theory, i. g. for N = 8, n = 28. 

■'This is a standard element of a flat symplectic bundle [TT]. 
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and vice versa 



For the elements of the section (/, h) this means that 

lifh - h^f) = 1 , fh-h'f = (2.6) 
where ^ means hermitian conjugation and * means transpose. We introduce the matrix jTOj 

M = hr' (2.7) 

A more detailed structure of indices is useful. The fiat, tangent ones we denote a whereas the 
vector indices are A, so that the section is (/^, /lAa) and 

fh />A, , ^ /^"/iM , ATae = /iAa(/-')^ (2.8) 

Introducing 

.A 
J a 

we find few simple properties which are the generalizations of the special geometry relations 



K = ( ^; ) (2.9) 



( K, Vh ) = V^m = -fh + h'f = Q (2.10) 

( y^ H ) = V^QVb = -fh + h^f = i5t (2.11) 
Example of N=2 special geometry 

K ^ {V, Vf) (2.12) 

In N=2 special geometry we have = {L^,VjL^) and h^a = (Ma,P|Ma = Uk^-L^) so 
that ATas = hUf-^)l- 

In N=2 special geometry the following relations take place. 

(y,y^) = o, (v^^,F^) = ^<^y (2.13) 

i{V,V) = l (y,F|) = (2.14) 

If we now take into account that 

Va = {V, F^) = (2.15) 
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we may recover all relations of N=2 special geometry from our generalized relations given in 

eqs. fifrrni . (jnH). 

Let us also remind here the important matrix of the special geometry, A4 (jV) , IH] which 
plays a significant role in the black hole potential Vbh = —^Q^-M.{Af) ■ Q of N=2 supergravity"^, 
where Q = {p, q) is the symplectic charge vector. 

^(^)=[ -W-ReAA ImAT-i ) (2.16) 

General case, N >2 

Introduce the new hermitian matrix, |(A^ + zfi) and the covariant symplectic vector Va = 
{QV)a and note that is hermitian. This leads to the following relation 

^{M + iQ) = -{QV)a{VlV'') (2.17) 

where 

-\QK){QV''\ = \QV){VQ\ = (^-l'/f %) = {'fAif (2.18) 

Note that 

liM+ Zn)Va = tnVa (MVa = ^^^K) (2.19) 



By multiplying on Q we find 

1 



^{M + in)Q = -inv)a{Q, vy (2.20) 



Contracting this with Q* we get 



~Q' ■M{M)-Q= {Q, Va) {Q, V'') (2.21) 

and 

MQ = -2Re((ny)a(Q,0) 

QQ = -21m{{QV)a{Q,V'')) (2.22) 

which is a real and imaginary part of our main new identity ()2.20j) . These equations together 
with the condition V' = have a general validity and can be used for studies of the attractors 
and general solutions of stabilization equations in > 2 supergravities ^. 

N=8 case 

Here we have that the 5*^(56, M) matrix S = is a coset representative of -jif^- It 

is a 56-dimensional representation of £^7(7) which is real and symplectic (i. e. the antisymmetric 
^This invariant was called Ji in [5]. 

^Note that eqs. (|2.20|l . (12.2211 are the generalizations of the equations derived in the literature in [51 l21[|^l23 |. 
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product (56 x 56) contains a singlet). The sections are given in terms of the following elements, 

? ZAB 
5 "-AS- 



Iab^ hhs^AB and their complex conjugates, f^^^^^^ hf^ 



The pair of indices AE in = —f^^ niay be taken to run over the 28 of SL{8,M.) and in 
28' in /iAE,As ^ The pair of indices AB in = -/^^, run over the 28 of SU{8) both for / 
and h but in 28 for the / and h. By writing 



AS 
AB 



V^={ we see that A ^ [AS] = 1, . . . , 28; a ^ [AB], = 1, . . . , 28 (2.23) 

V-AS.AB / 

The vector coupling matrix is 

ArAs,rA = hAj:Mr')ri (2-24) 

The central charge matrix is 

Zab = /aIcas - /iAs,ABm^^ = {Q, Vab) (2.25) 



where the symplectic charge matrix-vector Q for N=8 consists of electric cas and magnetic 

^7(7) 

Q = (m^^,eAs) (2.26) 



m^^ charges forming the fundamental representation of Ey 



3 N=8 black hole potential and its critical points 

N=8, d=4 supergravity [2j has the following black hole potential [T^ 17] 

Vb//(0, Q) = ZabZ*^"" = (g, Vab) {Q, V'''') A,B = 1,...,8. (3.1) 
Here Zab (and its conjugate Z*"^^) is the central charge matrix (and its conjugate). 

Zab{(P, Q) = {Q, Vab) = IaW^ ' hK^^ABm''^ (3.2) 

where Q is charge vector, a fundamental 56 of -^7(7) and the bein /^^ (</>), /iAs,yiB(0) is an 
element of the coset space connecting the real 56, to complex 28 of [AB]. It depends on 
70 real scalars 0*, where the local SU{8) symmetry was used to remove 63 scalars from the 
13 3- dimensional representation of scalars in £'7(7). Summation over vector indices ^45, AS is 
understood ioi A < B and A < S in eqs. fl!rT|l . 

The covariant derivative of the central charge is defined by the Maurer-Cartan equations 
for the coset space: 

V.Zab = ^P^,[ABCD]{(p)Z*''''{cP, Q) (3.3) 

^Note that other parametrizations are possible, depending on the particular embedding of the 56 of -£7(7) 
into S'p(56,R), |21 ESI Ei EZI ■ 
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Here Pi\ABCD]d(t)^ is the 70 x 70 vielbein of the ^ff^ coset space, z = 1, . . . , 70 and it is self-dual 
real ^ 

Pi, [ABC D] = -^^^^ABCDEFGH{Pi\ABCD] r (3.4) 

Here Di is the SU(8) covariant derivative ^2]- Thus the derivative of the black hole potential 
over 70 moduli is given by the following expression 

dy = ^ {v^ZabZ*^"" + ZabV.Z*^''^ (3.5) 

Using eq. ()3.3|) we find 

d^V = \ [P,IABCD]Z*^''Z*^^ + pI^^^^'^ZabZcd) (3.6) 
and with account of the self-duality condition ()3.4p we get 



o-i; \y*\CDy*AB], ^ CDABEFGH y y 

OiV = -^i,[ABCD] ^ ^ + — e ^EF^^ 



4 



^j- --EF^GH 



(3.7) 



Now the crucial observation helps to find and extremely simple algebraic expression for the 
critical points of all regular black holes by "flattening its indices". The 70 x 70-bein Pi^[ABCD] 
is invertible. This means that we can multiply eq. ()3.7|) on {Pi\A'B'C'D'])~^ and we get a 
necessary and sufficient condition for the critical points of the black hole potential with regular 
70 X 70-beins: 



^*[AB 2*CD] _|_ ]_^ABCDEFGH l^pZ 



^EF^GH = ^ (3.8) 

To solve these equations we can use the S'[/(8)-symmetry and work in the canonical basis 
for the antisymmetric central charge matrix j2Hl where it has only the non-vanishing complex 
eigenvalues = Z12, Z2 = Z-^4^, = Z^q, Z4 = Zyg. In this basis the attractor equations are 

Z1Z2 + z*^z*^ = 
Z1Z3 + z*'^z*^ = 

Z2Z3 + z*'z*^ = (3.9) 
The SU{8) symmetry allows to bring all 4 complex eigenvalues to the following normal form 

^. = p.e^'^/4 2 = 1,2,3,4. (3.10) 

so that only 5 real parameters are independent^, 4 absolute values pi and an overall phase, 
if since the relative phase of each eigenvalue can be changed but not the overall phase. The 
quartic J4 invariant in this basis acquires the following form [201 

J4 = (Pl + P2f - (P3 + P^f (Pl - P2f - (P3 - P^f + 8piP2P3P4(cOS tp - 1) (3.11) 

Without loss of generality we may order the four moduli of eigenvalues as follows 

Pl > P2 > Ps > P4 (3.12) 
''The black hole solutions with 5 charges have been constructed in |29|. 
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so that the first term in J4 is positive, null or negative depending whether pi — p2 > Ps — Pa 
or pi — P2 < P3 — Pa- The last term is negative or null (it is null if one of the eigenvalues is 
vanishing or = 0). 

As we will see below, in terms of the central charge eigenvalues 



(3.13) 

the 1/8 BPS states attractors correspond to p2 = ps = P4 = and the non-BPS one to pi = p 
and Lp = n. 

Note that for the non-BPS critical points of the potential the matrix of the second derivative 
may not be positive definite J3] and a critical point of the potential may not be its minimum, 
in such case it could be repeller rather than an attractor of the motion. This analysis will be 
done elsewhere. 

N=8 attractor equations ()3.9p have 2 solutions for regular black holes 



Zab 



(Pl 








o\ 





P2 



















^0 








pi) 



1. 1/8 BPS solution 

zi=PBPse'^'^Q Z2 = z^ = z^ = Q Jr' = P%Ps>^ (3.14) 

The black hole entropy-area of the BPS black holes with 1/8 of N=8 unbroken supersym- 
metry is given by 

Sbps{Q) _ Abps{Q) _ 
TT An 

2. non-BPS 

^, = pe^f Jr^^^ = -16pL„5P5 (3.16) 

The black hole entropy-area of the non-BPS black holes all supersymmetries broken is 
given by 

SnonBPsiQ) ^nonBPS (Q) 



JF'iQ) = pIps (3.15) 



TT 47r 



-jr^(Q) = 4pL„BP5 (3.17) 



The deep meaning of the extra factor 4 in the non-BPS solution as compared with BPS one 
will be clear when we will present the N=2 interpretation of the N=8 result. 

Various examples of regular BPS and non-BPS N = 8 black holes are known in terms of 
quantized charges. In a series of papers [SI], jHSj multiple examples of BPS and non-BPS 
extremal black holes in various four-dimensional supergravities have been discovered. In [3r it 
was shown that the extremal dyonic Reissner-Nordstrom black hole can be a non-BPS solution 
of N=8 supergravity. In our case this is Zi = pe** = q+ip = -^\q\{l+i). The same solution was 
discovered in (HD] in the context of D0-D6 solution dual to KK-monopole with KK-momentum. 
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This solution has been identified in ^H] in the setting of QIT as the canonical Greenberger, 
Home, Zeilinger (GHZ) state jHS], see Fig. 10 in P^. The contribution to the entropy comes 
from a single term in J4 which is always negative, it is equal to —Tr{xyY in notation of ^fSj . 
and therefore it can only be a non-BPS state. 

Another class of solutions of = 8 theory were presented in |32j in the context of the no- 
axion STU model and it was realized there that the fiip of the sign of one of the charges relates 
a 1/8 BPS solution to a non-BPS extremal solution, as was also noticed in more general Calabi- 
Yau setting in |22] and as we have found here in general = 8 setting. The contribution 
to the entropy comes from a single term in J4 of the form — 4P/ x, in notation of jTHj, which 
is a product of 4 charges, e. g. x^^, x^^, x^^, x^^. For example, if x^^x^^x^^x^^ < and J4 > 
we have a BPS combination of charges. If the sign of one of these charges is reversed, we find 
a non-BPS solution. In the context of QIT this state was qualified in jTHI as the generalized 
GHZ class of states, see Fig. 9 there. 



4 Generalized special geometry at the attractor point 

The identity (2.20) which generalizes the special geometry formula of N=2 theory can be further 
simplified at the attractor points. For 1/8 BPS attractors, using eq. ()3.13|) we get for Z12 = 

^{M + in)Q = -{QV)abZ*^'' = -{nV)i2Z*^^ (4.1) 

If we pick up a particular component of the 56-vector [{M. + iQ)Q]Q we get the ratio 

{M + in)Q _ (^]r)l2 
\{M + in)Q],] ~ [(^]r)l2]o 

which expresses the scalars in the right hand side as the function of quantized charges Q. 



(4.2) 



This is in a complete analogy with the N=2 attractors. It was shown in eqs. (42), (44) of 
that special geometry requires at DZ = that 

T^rs s, ■dh{p,q) .dli{p,q) , . 

2iZL^ = + I — , 2tZMj: = gs - i — tt-^ — (4.3) 

oq-£ op 

The symplectic invariant Ji in the arbitrary point of the moduli space is given by the following 
formula: Ii{z,z;p,q) = \Z\^ + \DZ\'^. In eq. fl4.3p Ii{p,q) is taken at the BPS attractor point 
DZ = where z = z{p, q) and z = z{p, q) so that 

h{p,q) = Ii{z,z;p,q)\DZ=o ■ (4.4) 
This gives the stabilization eqs. in the form 

y-A _ ^ _ f_ dqA , _ £A _ dpJ^ f-N 

P +^ ago ^° ^ dp" 



These are the attractor values of special coordinates t^{p, q) and their dual, tA{p, q), as explicit 
function of charges for all cases when the entropy formula S{p,q) = 7rli{p,q) is known. This 
form of stabilization equations was used by Bates and Denef in jSl] for the N=2 multicenter 
black hole constituent solutions in cases that the black hole entropy is known as the function 
of charges. One has to replace the charges by harmonic functions to find the multi-center 
solutions. Here we see that eqs. (j4.1|) . (j4.2|) are the N=8 analogs of N=2 eqs. (j4.3p . (j4.5p . 

There is actually a simple way to recast the equation ()4.2|) in the language of equations 
()4.3p . ()4.5p . Before doing this let's first recall that, following the analysis of ITI] for the 
1/8 BPS, N = 8 attractors 30 scalars get fixed and 40 are not fixed. This corresponds to the 
decomposition of = 8 into N = 2 multiplets, resulting from the decomposition 5*^7(8) — > 
SU{2) X SU{6) X U{1) of the R-symmetry, jT3]. Under this splitting one obtains that 70 
scalars decompose into 15 complex scalars of 15 vector multiplets and 40 real scalars of 20 
(half)-hypermultiplets. 

70 (15, 1) + (T5, 1) + (20, 2) (4.6) 

under SU{6) x SU{2). N = 2 ensures that 40 scalars are not fixed and 30 are fixed, as proved 
in [13]. The 15 complex scalars belong to the submanifold ^'^^q-^^^ of Indeed, the vector 

and hypermultiplet splitting correspond to two different decompositions of i?7(7) with respect 
to maximal subgroups [35j, 

^7(7) ^ S0*{12) X SU{2) (4.7) 

^7(7) ^6(2) X Uil) (4.8) 

where 15c parametrize and 40 real scalars parametrize su{2)xsu{6) • ^^^^ ^^^^ ^"^o 

factors SU{2), U{1) in the two different i?7(7) decompositions simply mean that vector multiplet 
scalars are SU{2) singlets while the hypermultiplet scalars are U{1) singlets. Of course the 
two subgroups 5'0*(12), i?6{2) do not commute, otherwise would be a product space. 

Nevertheless, if we disregard the hyperscalars then 

Em ^ S0*il2) 



SU{8) U{6) 

which is a symmetric special manifold Special coordinates for this manifold are obtained 

SU*(6) 
Usp{6) 



by its lifting to 5 dimensions to jj — rJ- which is a 14- dimensional real (very special) manifold 



The d = A prepotential of the effective N = 2 supergravity^ 

1 X^'^ vTin 
F{X) = ^eAj^TAun ^5 = (X°) V(t^^) A, S = 1, . . . , 6. (4.10) 

where t^^ = —t^^ = are complex coordinates in the 15 of SU*{Q) X° is the graviphoton, 
corresponding to the decomposition of S'0*(12) SU*{6) x 5*0(1, 1) under which the 5'0*(12) 

®We will present a more detailed discussion of this model in future work. 
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spinorial 32 representation which represent the N=2 electric and magnetic charges (including 
graviphoton) decomposes as 

32^ 15 + 15' + 1 + 1' (4.11) 

Note that in this formulation only 32 of the 56 charges are retained and the symplectic sections 

are identified with the sections e^/^{X^^ ,V-J(^^ ] Faj^, ^|^as) where Fas = 
and special coordinates are adopted. 

Here the 56 of E^j^ is decomposed under S0*{12) x SU{2) into (32, 1) + (12, 2). This is 
a different embedding of 56 into iS'p(56,M) compared with There 56 was decomposed 

into 28 + 28' of S'L(8,M), as we discussed in sec. 2. Here instead the electric-magnetic splitting 
corresponds to a further decomposition of 5'0*(12) into SU*{Q) x 5*0(1, 1), leading to the 
prepotential in eq. ()4.10j) . The 32 electric and magnetic charges correspond to the 15 vector 
multiplets and the graviphoton. The other 2^ remaining charges correspond to the vectors 
of the 6 gravitino multiplets each of them containing 2 vectors: 6(|,2(l),i). These are the 
charges which do not appear in the N=2 setting as they are partners of the 6 gravitino which 
we truncate. These charges can be generated by applying to the 32 charges an SU (8) rotation 
which is not in SU{<o) x SU{2) x [/(I). Indeed 

dim = 24 

SU(6) X SU(2) X U(l) 

which is precisely the missing charges. To see that this counting is correct we observe that 
the N=2, BPS black hole has a 32 component charge vector in the coset ^3Z] ^^ijff^) which 
has the signature (30~, 1^). The 1/8, 56 component, N = 8 BPS charge vector is in the coset 
with the signature (30^,25^), [SZj ^. We therefore realize that the missing 24 charges 

are precisely the extra compact directions which correspond to SU{8) rotations. Note that the 
same reasoning does not apply to the non-BPS black holes since in this case the signature of 
the coset, ^ is (28", 27+). 

Having identified the effective N=2 supergravity with the prepotential in eq. ()4.1U|) describ- 
ing the N = 8 1/8 BPS attractors we would need to find the expression for the entropy as the 
function of quantized charges so that equations ()4.2j) can be used. One finds that the entropy 
of the ^^Iq^^ model is the same as in = 6 supergravity where, with a different identification 
of the central charges we have ^21 ^] =^ N = 2 matter charges and Z ^ N = 2 central 

SO* f 12) 

charge, A,B = 1, . . . , 6. Pi^abcd — >■ is a vielbein of -^j^^- In terms of Zab, Z the unique 
SO* [12) quartic invariant is 

- = \ V4/2 - Ji + 32/3 + 4/4 + 4/5 (4.12) 

where Aa^_ = ZabZ^^ and h = (TrA)^, I2 = Tr(A)2, J3 = Re(PfZABZ), h = TrAZZ, 
I5 = ZZZZ. Note that at = 2 attractor point Zab = and 

S 



-- ZZ (4.13) 

n 



^The coset represents this charge vector for the fixed value of 14 
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as expected. The black hole potential in this model is 



V=^ZabZ +ZZ (4.14) 

A<B 

The Maurer-Cartan equations jHj are identical to the special geometry relations which imply 
that Zab = 0, |Zp = is indeed a BPS attractor point. The I4 invariant is thus a function 
of the quantized charges (« = 1, . . . , 32) which form a left spinor of 5'0*(12). Since I4 is 
moduli independent, 

h{Qa) = ^''''^'QaQ^QyQs (4.15) 

where T"'^^^ is a numerical tensor, constructed with the 50* (12) 7-matrices which is totally 
symmetric in the spinor indices. This accomplishes the solution for 1/8 BPS attractors. 

Non-BPS case 

In N=8 theory we can actually find the non-BPS equations from eq. ()3.13|1 with z* = 

PnonBPS^~^^^^ 

]^{M+ tn)Q = -(^^y)TRACE PnonBPSe-'''/' (4.16) 

where 

(^^^)tRACE = (^^^)l2 + (^^^)34 + (^^^)56 + (^^^)78 (4.17) 

Again by dividing on some component of the 56-vector we get 

iM + tn)Q (ny)TRACE 



[iM + in)Q]o] [(^^T/)trace]o 



(4.18) 



Thus equations ()4.2j) and ()4.18p are defining the scalars of BPS and non-BPS N=8 theory at 
the black hole horizon. The details of the non-BPS solutions will be considered elsewhere. 



5 STU N=2 interpretation of N=8 attractors 

Consider the STU black holes in N=2 supergravity with the prepotential F = STU. The 
corresponding coordinates represent the coset space (^^jf^j^^ ■ 

The algebraic attractor equations of N=8 theory in eq. ()3.9|) can be identified with the 
corresponding N=2 attractor equations OVbh = [7] in the form 

2{ViZ)Z + iCijkG^'^G''~^V^ZV-kZ = (5.1) 

under the correspondence: 

Zl = iZ 



Z2 = VgZ 



Zz = T>fZ 



Zi = VjjZ (5.2) 
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We recover the extremization of the potential in N=8 theory via the special geometry in N=2. 
The BPS case is 

V^Z = VgZ = DgZ = Z ^0 (5.3) 

which is equivalent to 

Z2 = = Zi = zi^O (5.4) 
The entropy-area at the BPS attractor points is 



\BPS 



and the entropy at the non-BPS attractor point is 

3 

TT 47r 
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i=l 



(5.5) 



TT AtT 

The non-BPS case (for Z ^ 0) requires that 

\Z\ = \DgZ\ = \VfZ\ = \V(jZ\ (5.6) 



! = i^ = |2|' + Eii'.^i' = 4|^I™bps (5.7) 



This explains the origin of the factor 4 in the BPS-non-BPS entropy relation of the N=8 
attractor (see eqs. ()3.15|) and ()3.17|) . 



In conclusion, we have derived the attractor equation by means of an identity (j2.2Up . for 
generic N > 2 supergravity in a form resembling the N = 2 attractor equations. This identity 
(j2.2(jp has to be studied together with the condition for the critical point of the black hole 
potential, V = as in N=2 case of new attractors , [22] , • In N=8 supergravity the 
critical point of the black hole potential V = is given by an amazing set of algebraic attractor 
equations ()3.8p . ()3.9p which clearly produce 2 solutions for regular black holes: one 1/8 BPS 
and one non-BPS. The scalars are defined via charges in eqs. (j4.2j) and (|4.18p . Finally, the 
attractor equations for the fixed scalars at the BPS attractor points can be studied using the 
prepotential ()4.10|) for the 15 = 2 vector multiplets embedded into N = 8 supergravity. 

We have also pointed out some connections between N = 8 black holes and quantum 
information theory in the spirit of the recent proposals in ^7], A particular class 

of regular non-BPS black holes in = 8 belongs to a canonical GHZ state, some other black 
holes belong to the generalized GHZ class of states, both in BPS and non-BPS case. It is quite 
impressive that the extremization of the black hole mass with respect to moduli is related to 
the process of finding the optimal local distillation protocol of a GHZ state from an arbitrary 
three-qubit pure state, according to |T^ . 



""^"The multiplicative "renormalization" between the entropy and the square of the central charge for non-BPS 
attractors was found in ;23-. The factor of 4 difference in STU case was found in the BPS and non-BPS free 
energies in terms of the image part of the prepotential in |39| . 
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